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Description

[0001] This invention relates to a rotary damper for
utilizing a rotational motion to effect a damping action,
and relates to an improvement in the rotary damper suit-
able for use, for example, with a suspension of an au-
tomobile or a suspension for a rear wheel of a motor-
cycle or other various apparatuses.
[0002] Conventionally, the rotary damper of this kind
has been already proposed, for example, in Japanese
Patent Application Laid-Open No. 12152/1989 laid open
to public on January 17, 1989.
[0003] That is, in the rotary damper proposed above,
two sets of operating oil chambers are defined between
a separate block provided on the inner wall of a casing
and a vane provided on the outer periphery of a rotor,
and the two sets of operating oil chambers are alternate-
ly contracted and expanded with a relative rotational
motion between the casing and the rotor.
[0004] The above-described two sets of operating
chambers are communicated with each other through a
series of interconnecting flowpassages comprising a ra-
dial oil port bored in the rotor and an oil chamber pro-
vided in the center portion, and a damping force gener-
ating mechanism is disposed in the oil chamber of the
interconnecting flowpassage to impart a flow resistance
to operating oil from the operating oil chamber on the
contracted side toward the operating oil chamber on the
expanded side, thereby generating a predetermined
damping force corresponding to the operating direction
of the rotary damper by the damping force generating
mechanism.
[0005] Further, on the rotor side is disposed a temper-
ature compensating mechanism comprising an accu-
mulator aligned in an axial direction of the above oil
chamber of the interconnecting flowpassage. An oil stor-
age chamber of the temperature compensating mecha-
nism is communicated with the operating oil chamber
through a throttle whereby overs and shorts of operating
oil volume resulting from the change of temperature is
compensated for by the temperature compensating
mechanism and the flow rate of operating oil flowing into
the oil storage chamber of the temperature compensat-
ing mechanism when the rotary damper is operated is
limited by the flow resistance by the throttle.
[0006] As described above, in the above-described
rotary damper, the flowing of a part of the operating oil
moving from the operating oil chamber on the contract-
ing side toward the operating oil chamber on the ex-
panding side into the oil storage chamber of the temper-
ature compensating mechanism is limited as less as
possible by the throttle when in operation, to secure the
quantity of operating oil supplied to the operating oil
chamber on the expanding side to impede generation
of vacuum and subsequently prevent disturbance of in-
itial damping characteristic at the time of inversion of the
rotary damper.
[0007] However, even so, when the operating oil leaks

through around the separate block on the casing side
and the vane on the rotary side, the damping character-
istic as the rotary damper is lowered and disturbed by
the leakage of the operating oil.
[0008] Of course, a greater part of the leakage of the
operating oil can be prevented by applying seal mem-
bers to the peripheries of the separate block and the
vane. However, the seal member applied to the vane
cannot seal between the basic portion of the vane and
the bearing end of the casing side for supporting the ro-
tor.
[0009] For this reason, there occurs a flow of operat-
ing oil which immediately leaks from the operating oil
chamber on the contracted side to the operating oil
chamber on the expanded side through a clearance be-
tween the bearing and the core of the rotor without pass-
ing through the damping force generating mechanism.
[0010] Further, the lower the viscosity resulting from
the rise in temperature of the operating oil is, the higher
the leakage amount of the operating oil becomes to re-
duce the amount of operating oil flowing through the in-
terconnecting flowpassage and lower the damping char-
acteristic of the damping force generating mechanism,
posing an inconvenience that the temperature charac-
teristic of the rotary damper is deteriorated.
[0011] US-A-2,301,318 discloses the features of the
pre-characterizing portion of Claim 1.
[0012] According to the present invention, there is
provided a rotary damper comprising:

a casing and a rotor which define first and second
operating oil chambers arranged to alternately re-
peatedly contract and expand with rotational dis-
placement of the casing relative to the rotor, the op-
erating oil chambers communicating with each oth-
er through an interconnecting flowpassage;
a damping force generating mechanism disposed
in the interconnecting flowpassage to impart a
damping resistance to each flow direction;
an independent bypass flowpassage which inter-
connects both of the operating oil chambers and is
provided in parallel with the interconnecting flow-
passage; and
a variable throttle mechanism which is disposed in
the bypass flowpassage and is arranged to auto-
matically and continuously regulate its throttling be-
tween high and low levels dependent on tempera-
ture;

characterized in that:

the variable throttle mechanism comprises a valve
and a closed oil chamber or a regulating member
which is arranged to use its expansion and contrac-
tion to continuously and automatically regulate the
throttling of the valve between the high and low lev-
els in response to the change in temperature of the
sealed oil of the closed oil chamber or the regulating
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member;

wherein the regulating member has a linear ex-
pansion coefficient larger than that of the adjacent part
of the casing or rotor.
[0013] With the provision of the above-described con-
stitution, the amount of the operating oil which immedi-
ately leaks from the operating oil chamber on the con-
tracted side to the operating oil chamber on the expand-
ed side and does not pass through the damping force
generating mechanism naturally increases since the op-
erating oil leaks also through the bypass flowpassage
in addition to through a clearance between a core of the
rotor and the end of a bearing for supporting the rotor.
[0014] However, with respect to the damping charac-
teristic of the rotary damper, even if the leakage amount
of the operating oil increases as described above, the
damping resistance causes by damping force generat-
ing mechanism in the interconnecting flowpassage is
set in advance in anticipation thereof, whereby the
damping characteristic as desired is secured.
[0015] Even so, the flow rate of the operating oil which
leaks from the operating oil chamber on the contracted
side to the operating oil chamber on the expanded side
through the clearance between the core of the rotor and
the end of the bearing for supporting the rotor still in-
creases or decreases with the change of the magnitude
of the viscosity of the operating oil caused by the change
of temperature.
[0016] However, an opening area of the variable throt-
tle mechanism interposed in the bypass flowpassage is
automatically regulated to a large or small size with the
magnitude of the viscosity of operating oil caused by the
change of temperature, and as a result, the leakage
amount of the operating oil from the bypass flowpas-
sage increases or decreases.
[0017] Thereby, the change amount of the operating
oil which leaks from the clearance between the core of
the rotor and the end of the bearing for supporting the
rotor due to the change of temperature is offset by the
leakage amount from the bypass flowpassage automat-
ically regulated by the variable throttle mechanism.
[0018] Thus, the change amount of the leakage
amount as a whole is kept small irrespective of the mag-
nitude of the viscosity of the operating oil caused by the
change of temperature to stabilize the temperature
characteristic of the rotary damper.
[0019] A preferred embodiment of the present inven-
tion will now be described with reference to the accom-
panying drawings, in which:-
[0020] Fig. 1 is a longitudinal sectional view of the pre-
ferred embodiment of a rotary damper to which this in-
vention is applied.
[0021] Fig. 2 is a longitudinal sectional side view taken
along line W-W in Fig. 1.
[0022] Fig. 3 is a sectional view showing portions of
a bypass flowpassage for controlling an amount of in-
ternal leakage of operating oil with the change of tem-

perature and a variable throttle mechanism.
[0023] Fig. 4 is a cross sectional plan view taken along
line X-X of Fig. 1 showing portions of a damping force
generating mechanism and a temperature compensat-
ing mechanism.
[0024] Fig. 5 is a cross sectional plan view showing
the portion of the damping force generating mechanism
in Fig. 4 in an enlarged scale.
[0025] Fig. 6 is a longitudinal sectional side view taken
along line Y-Y in Fig. 1 with a left-hand side panel viewed
from an inner wall surface side.
[0026] Fig. 7 is a longitudinal sectional side view taken
along line Z-Z in Fig. 1 with a right-hand side panel
viewed from an inner wall surface side.
[0027] In Figs. 1 and 2, a housing 2 of a casing 1 of a
rotary damper has an axially extending-through bore 3.
[0028] Opposite ends of the bore 3 are closed,
through seals 7 and 8, by left and right side panels 5
and 6 mounted on opposite sides of the housing 2 by
means of bolts 4. The housing 2 and the side panels 5
and 6 constitute the casing 1 of the rotary damper.
[0029] A rotor 9 is rotatably inserted into the center
portion of the bore 3 extending through the left and right
side panels 5 and 6. The left end of the rotor 9 forms a
mounting portion 9a which protrudes further outwardly
from the outer side of the side panel 5 and is connected
through a link or the like to the unspring side of the ve-
hicle body not shown, for example.
[0030] The casing 1 has two mounting holes 10 and
10 as a further mounting portion formed extending
through the housing 2 and the left and right side panels
5 and 6, and the casing 1 is mounted on the sprung side
of the vehicle body not shown, for example, through
these two mounting holes 10 and 10.
[0031] The rotor 9 is rotatably mounted in bearings
11a and 11b provided on the side panels 5 and 6, and
sealed by oil seals 12a and 12b and dust seals 13a and
13b.
[0032] A portion positioned within the bore 3 of the
rotor 9 has two vanes 14a and 14b formed on its outer
peripheral surface, deviated in phase by 180 degrees in
an axial direction.
[0033] The extreme end surfaces and both sides of
these vanes 14a and 14b are in contact with the inner
wall surface of the bore 3 and the inner wall surfaces of
the side panels 5 and 6 on the housing 2 side through
vane seals 15a and 15b interposed over the aforemen-
tioned extreme end surfaces and both sides of the vanes
14a and 14b, said contact portions being slidably con-
tacted while maintaining an oil-tight condition.
[0034] The bore 3 of the housing 2 has likewise two
separate blocks 16a and 16b formed on its inner wall
opposite to the vanes 14a 14b of the rotor 9, deviated
in phase by 180 degrees in an axial direction.
[0035] The separate blocks 16a and 16b on the bore
3 side are also provided with the same seals 15a and
15b as the vane seals 15a and 15b of the vanes 14a
and 14b previously mentioned from the extreme end
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surfaces and both sides thereof and are in contact with
the outer peripheral surface of the rotor 9 and the inner
wall surfaces of the side panels 5 and 6 through the
seals 15a and 15b to maintain them in an oil-tight con-
dition.
[0036] The interior of the bore 3 in the casing 1 is di-
vided into two sets of operating oil chambers 17a and
17b and operating chambers 18a and 18b which alter-
nately repeat contraction and expansion as the casing
1 and the rotor 9 relatively move by the vanes 14a and
14b and the separate blocks 16a and 16b.
[0037] The operating oil chambers 17a, 17b and 18a,
18b of each set are communicated with one another
through oil ports 19 or 20 bored in the rotor 9, and the
operating oil chamber 17a and the operating oil cham-
ber 18b are communicated with each other through a
variable throttle mechanism 21 for continuously and au-
tomatically adjusting a throttle degree to a high or low
level as the temperature varies, provided on one sepa-
rate block 16a in the housing 2.
[0038] In the case of this embodiment, the variable
throttle mechanism 21 has a lateral hole 22 bored over
and between the side panels 5 and 6 with respect to the
separate block 16a, and one end of the lateral hole 22
is sealed by a blind plug 24 having a seal 23.
[0039] The other end of the lateral hole 22 is closed
by a sheet member 26 as a passage member threadedly
mounted to prevent an outer peripheral leakage by a
seal 25, and a needle valve 28 likewise to prevent an
outer peripheral leakage by a seal 27 is slidably inserted
into the lateral hole 22 opposite to the sheet member 26.
[0040] The operating oil chamber 17a is communicat-
ed with needle valve 28 through a passage portion of
the sheet member 26 by an oil port 29 bored in the sep-
arate block 16a, and is communicated with the operating
oil chamber 18b from an oil port 30 provided in the sep-
arate block 16a through the needle valve 28.
[0041] Thus, the sheet member 26, the needle valve
28 and the oil ports 29 and 30 constitute an independent
bypass flowpassage 31 which immediately short-cir-
cuits the operating oil chamber 17a and the operating
oil chamber 18b through the needle valve 28.
[0042] Further, the portion of the lateral hole 22 de-
fined by the blind plug 24 and the needle valve 28 con-
stitutes a closed oil chamber 32 filled with oil, and a
spring 33 for biasing a throttle degree by the needle
valve 28 to a smaller level is interposed between the
sheet member 26 and the needle valve 28.
[0043] With this, the needle valve 28 is moved toward
and away from the sheet member 26 due to the expan-
sion and contraction of oil in the closed oil chamber 32
resulting from the change of temperature to constitute
a variable throttle 34.
[0044] In this manner, at the midway of the bypass
flowpassage 31 is constituted the variable throttle mech-
anism 21 for automatically adjusting a throttle degree
with the change of temperature by the needle valve 28.
[0045] While in the present embodiment the bypass

flowpassage 31 having the variable throttle mechanism
21 is provided in the portion of one separate block 16a
in the housing 2, it is to be noted that the bypass flow-
passage 31 may be provided in the portion of the other
separate block 16b or the vanes 14a and 14b on the
rotor 9 side or in the portion of the housing 2 or the side
plates 5 and 6, and further may be provided in selective
combination with respect to these portions.
[0046] Turning back to Fig. 2, two bores 35 and 36
laterally extending through the housing 2 are horizon-
tally juxtaposed below the operating oil chambers 17a,
17b, and 18a, 18b.
[0047] As will be understood from Fig. 4 which is an
enlarged sectional view as viewed from line X-X, open-
ings at opposite ends of the bore 35 are tightly closed
by the side panels 5 and 6 in the state in which seals 37
and 38 are sandwiched between it and the housing 2.
[0048] On the other hand, openings at opposite ends
of the bore 36 are closed oil-tightly by the side panels 5
and 6 in the state of being communicated with recesses
39 and 40 formed on the inner wall surfaces of the side
panels 5 and 6 and in which seals 41 and 42 are sand-
wiched against the housing 2.
[0049] A set of two damping elements 43a and 43b
are disposed opposite to each other and extend from
the interiors of the recesses 39 and 40 toward the inte-
rior of the bore 36. These two damping elements 43a
and 43b constitute a single damping force generating
mechanism 44.
[0050] As can be seen from a partially enlarged view
of Fig. 5, the damping elements 43a and 43b have in-
dependent guide rods 45 and 46, respectively, and prox-
imal ends of the guide rods 45 and 46 are individually
sandwiched between the housing 2 and the left and right
side panels 5 and 6 and fixed so that they are oppositely
disposed in the bore 36.
[0051] Partition walls 49 and 50 provided with seals
47 and 48 on their outer peripheral surfaces are fitted
on the guide rods 45 and 46, respectively, and are sand-
wiched between damping valves 55 and 56 and return
valves 61 and 62, the partition walls 49 and 50, the
damping valves 55 and 56 and the return valves 61 and
62 being secured to the guide rods 45 and 46 by means
of nuts 63 and 64.
[0052] Thus, the bore 36 is interiorly divided into three
oil chambers 51, 52 and 53 by the partition walls 49 and
50 having the damping valves 55 and 56, and the return
valves 61 and 62, and these three oil chambers 51, 52
and 53 constitute an interconnecting flowpassage 54.
[0053] Moreover, in this case, the damping valves 55
and 56 and the return valves 61 and 62 are disposed
with the back surfaces of the damping valves 55 and 56
opposite to each other. The damping valves 55 and 56
close one set of ports 57 and 58 bored in the partition
walls 49 and 50 from the side of the oil chamber 52, while
the return valves 61 and 62 close the other set of ports
59 and 60 bored in the partition walls 49 and 50 from
the sides of the oil chambers 51 and 53.

5 6



EP 0 798 486 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0054] The guide rods 45 and 46 are bored with oil
passages 65 and 66 for communicating the oil cham-
bers 51 and 52 and the oil chambers 52 and 53 of the
interconnecting flowpassage 54 with each other in par-
allel with and detouring the damping valves 55 and 56.
[0055] Throttle valves 67 and 68 are threadedly in-
serted into the oil passages 65 and 66, extending
through the proximal ends of the side panels 5 and 6
and the guide rods 45 and 46 from the outside, and seals
69 and 70 are interposed between the side panels 5 and
6 and the throttle valves 67 and 68 to constitute damping
force regulating mechanisms 71 and 72 for individually
and variably controlling the flow resistance of operating
oil passing through the oil passages 65 and 66.
[0056] Returning now to Fig. 4, a free piston 74 pro-
vided with a seal 73 on the outer peripheral surface
thereof is slidably inserted into the other bore 35, and
the bore 35 is interiorly divided into a left gas chamber
75 and a right oil storage chamber 76 by the free piston
74.
[0057] The oil storage chamber 76 is communicated
with a portion of the oil chamber 52 (see Fig. 5) of the
interconnecting flowpassage 54 in the bore 36 by an oil
path 77 bored in the housing 2 and communicated with
the outside through an oiling port 78 provided in the side
panel 6. In normal use, the oiling port 78 is closed by a
plug 80 equipped with a seal.
[0058] The left side panel 5 is provided with a gas sup-
ply/discharge valve 81 equipped with a seal 82 toward
the gas chamber 75 whereby the interior of the bore 35
constitutes a temperature compensating mechanism
83.
[0059] In this way, the oil storage chamber 76 in the
temperature compensating mechanism 83 is communi-
cated with the oil chamber 52 on the back surface side
of the damping valves 55 and 56 of the damping ele-
ments 43a and 43b provided in the interconnecting flow-
passage 54 and is communicated with the outside by
the oiling port 78 by opening the plug 80.
[0060] On the other hand, as will be understood from
Figs. 2 and 6, one set of operating oil chambers 17a and
17b communicated with each other by the oil path 19
are opened to the stroke end on the contracted side of
the operating oil chamber 17b and communicated with
the recess 39 through a lateral hole 84 and a longitudinal
hole 85 bored in the left side panel 5 and thence com-
municated with the oil chamber 51 of the interconnecting
flowpassage 54 in the bore 36 through a through-hole
86 bored in the proximal end of the guide rod 45 in Fig. 5.
[0061] Similarly, as will be understood from Figs. 2
and 7, the other set of operating oil chambers 18a and
18b communicated with each other by the oil path 20
are opened to the stroke end on the contracted side of
the operating oil chamber 18a and communicated with
the recess 40 through a lateral hole 87 and a longitudinal
hole 88 bored in the right side panel 6 and thence com-
municated with the oil chamber 53 of the interconnecting
flowpassage 54 in the bore 36 through a through-hole

89 bored in the proximal end of the guide rod 46 in Fig. 5.
[0062] With this, two sets of the operating oil cham-
bers 17a and 17b and the operating oil chambers 18a
and 18b alternately contracted and expanded with the
relative rotation of the casing 1 and the rotor 9 are com-
municated with each other through the damping ele-
ments 43a and 43b of the damping force generating
mechanism 44 provided in the interconnecting flowpas-
sage 54 and the damping force regulating mechanisms
71 and 72 provided on the guide rods 45 and 46.
[0063] Pins 90 and 91 shown in Figs. 6 and 7 indicate
locating dowel pins interposed between the housing 2
and the left and right side panels 5 and 6.
[0064] While in the present embodiment the damping
force regulating mechanisms 71 and 72 are incorporat-
ed into the portions of the damping elements 43a and
43b in the damping force generating mechanism 44, it
is to be noted of course that separately from the damp-
ing force generating mechanism 44 bored with the oil
paths 65 and 66 in the housing 2, the damping force
regulating mechanisms 71 and 72 may be provided on
the midway thereof.
[0065] The operation of the rotary damper according
to the embodiment of the present invention constructed
as described above will be described hereinafter.
[0066] In injecting operating oil into the assembled ro-
tary damper, the plug 80 is removed from the outside to
open the oiling port 78. An oiling nozzle is inserted into
the oiling port 78. Air in the rotary damper is first re-
moved while suppressing and locating the free piston
74 in the temperature compensating mechanism 83 by
the extreme end of the oiling nozzle, after which oper-
ating oil is injected through the oiling nozzle.
[0067] With this, the operating oil injected into the ro-
tary damper is supplied to the oil storage chamber 76 of
the temperature compensating mechanism 83 and also
supplied from the oil storage chamber 76 to the oil cham-
ber 52 of the interconnecting flowpassage 54 through
the oil path 77.
[0068] The operating oil supplied to the oil chamber
52 flows into the recess 39 and 40 of the side panels 5
and 6 through the damping force regulating mecha-
nisms 71 and 72 from the oil paths 65 and 66 and thence
flows into various parts in the rotary damper through the
longitudinal holes 85 and 88 and the lateral holes 84 and
87.
[0069] When the oiling nozzle is drawn out, after the
operating oil has been filled in the rotary damper, and
the oiling port 78 is closed by the plug 80, the oil storage
chamber 76 of the temperature compensating mecha-
nism 83 is then communicated with only the oil chamber
52 of the interconnecting flowpassage 54 through the
oil path 77.
[0070] In this way, in the oiling work, the operating oil
supplied from the oiling nozzle flows over the various
parts in the rotary damper, rarely receiving the flow re-
sistance, and the oiling work is completed in a short pe-
riod of time and positively to be simplified.
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[0071] On the other hand, in use under this condition,
it is supposed for example that a vertical relative dis-
placement between the spring and the vehicle body dur-
ing the running of the vehicle occurs and the rotary
damper receives the external force. The relative rotation
between the casing 1 and the rotor 9 occurs so that one
set of the operating oil chambers 17a and 17b contract
while the other set of the operating oil chambers 18a
and 18b expand.
[0072] Thereby, the operating oil within the operating
oil chambers 17a and 17b on the contracted side is ex-
truded from the through-hole 86 provided on the proxi-
mal end of the left guide rod 45 to the oil chamber 51 of
the interconnecting flowpassage 54 through the lateral
hole 84 and the longitudinal hole 85 provided in the left
side panel 5 and the recess 39, and flows into the oil
chamber 52 through the throttle valve 67 of the damping
force regulating mechanism 71 from the oil path 65 of
the guide rod 45. At this time, the operating oil passing
through the oil path 65 of the guide rod 45 receives the
flow resistance by the throttle valve 67 of the damping
force regulating mechanism 71 to generate the damping
force corresponding to the flow resistance.
[0073] Further, since the operating oil flown into the
oil chamber 52 is low pressure oil having passed
through the throttle valve 67 of the damping force regu-
lating mechanism 71, it does not flow into the oil storage
chamber 76 of the temperature compensating mecha-
nism 83 through the oil path 77 from the oil chamber 52.
[0074] Therefore, the operating oil flown into the oil
chamber 52 partly passes through the damping force
regulating mechanism 72 from the oil path 66 of the
guide rod 46 in the right damping element 43b and the
most part thereof returns from the port 60 of the partition
wall 50 to open the return valve 62 and flows into the oil
chamber 53.
[0075] Then, the oil passes from the oil chamber 53
to the through-hole 89 provided at the proximal end of
the right guide rod 46 and further passes from the lon-
gitudinal hole 88 of the side panel to the lateral hole 87
and flows into the operating oil chambers 18a and 18b
expanded at that time to compensate for shortage of op-
erating oil generated in the operating chambers 18a and
18b.
[0076] When the pressure of operating oil extruded in-
to the oil chamber 51 exceeds the cracking pressure of
the damping valve 55 in the damping element 43a, the
damping valve 55 is pushed open from the port 57 of
the partition wall 49 in the damping element 43a in par-
allel with the flow of operating oil passing through the oil
path 65 of the guide rod 45 to generate a flow of oper-
ating oil flowing into the oil chamber 52 while generating
a predetermined damping force by the damping valve
55.
[0077] Moreover, since the operating oil flown into the
oil chamber 52 is also low pressure oil after having
passed through the damping valve 55 of the damping
element 43 and the throttle valve 67 of the damping

force regulating mechanism 71, the operating oil does
not flow into the oil storage chamber 76 of the temper-
ature compensating mechanism 83 through the oil path
77 from the oil chamber 52.
[0078] Accordingly, these two flows of operating oil
are joined within the oil chamber 52 and flow into the oil
chamber 53 through the damping force regulating
mechanism 72 and the return valve 62 from the oil path
66 of the guide rod 46 in the right damping element 43b
and the port 60 of the partition wall 50, and thence pass
through the through-hole 89 at the proximal end of the
guide rod 46, further pass through the lateral hole 87
from the longitudinal hole 88 of the side panel 6 and flow
into the operating oil chambers 18a and 18b expanded
at that time to compensate for shortage of operating oil
generated in the operating oil chambers 18a and 18b.
[0079] As a result, the damping characteristic when
the rotary damper is operated is determined by the flow
resistance when the operating oil flows through the
throttle valve 67 of the damping force regulating mech-
anism 71 and the damping valve 55 in the damping el-
ement 43a.
[0080] The reverse mode of operation is when the
casing 1 and the rotor 9 relatively move in a direction in
which the operating oil chambers 17a and 17b expand
while the other operating oil chambers 18a and 18b con-
tact.
[0081] In this case, the operating oil in the contracted
set of the operating oil chambers 18a and 18b is extrud-
ed from the through-hole 89 provided at the proximal
end of the guide rod 46 in the right damping element
43b through the lateral hole 87 and the longitudinal hole
88 provided in the right side panel 6 and the recess 40
to the oil chamber 53 of the interconnecting flowpassage
54.
[0082] The operating oil extruded to the oil chamber
53 flows into the oil chamber 52 through the throttle
valve 68 of the damping force regulating mechanism 72
from the oil path 66 bored in the guide rod 46 of the
damping element 43b, and the damping force corre-
sponding to the flow resistance is generated while re-
ceiving the flow resistance by the throttle valve 68.
[0083] When the pressure of operating oil in the oil
chamber 53 exceeds the cracking pressure of the damp-
ing valve 56 in the damping element 43b, the damping
valve 56 is pushed open from the port 58 of the partition
wall 50 in the damping element 43b in parallel with the
flow of the operating oil to generate a flow of the oper-
ating oil toward the oil chamber 52 and to generate a
predetermined damping force by the flow resistance
when the damping valve 56 is pushed open.
[0084] Since the operating oil flown to the oil chamber
52 is low pressure oil after having passed through the
damping valve 56 of the damping element 43b in the
damping force generating mechanism 44 and the throt-
tle valve 68 of the damping force regulating mechanism
72, the operating oil will not flow into the oil storage
chamber 76 of the temperature compensating mecha-
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nism 83 through the oil path 77 from the oil chamber 52.
[0085] In any of the above cases, the total quantity of
the flow of operating oil flows into the oil chamber 51
with low resistance through the oil path 65 of the damp-
ing element 43a and the return valve 61, and flows into
the operating oil chambers 17a and 17b expanded at
that time through the longitudinal hole 85 and the lateral
hole 84 of the left side panel from the through-hole 86
at the proximal end in the guide rod 45 to compensate
for shortage of the operating oil generated in the oper-
ating oil chambers 17a and 17b.
[0086] Thereby, the damping characteristic when the
rotary damper is operated is determined by the flow re-
sistance when the operating oil flows through the throttle
valve 68 of the damping force regulating mechanism 72
in the damping element 43b or the throttle valve 68 and
the damping valve 56 of the partition wall 50.
[0087] From the foregoing, the rotary damper properly
uses the damping characteristics of the damping valves
55 and 56 in the damping force generating mechanism
44 corresponding to the operating direction whereby the
damping characteristics corresponding to the operating
direction can be individually and suitably set.
[0088] In addition to the above matter, the rotary
damper operates the damping force regulating mecha-
nisms 71 and 72 from the outside to regulate the flow
resistance of the operating oil passing through the throt-
tle valves 67 and 68, whereby the damping character-
istics corresponding to the operating direction can be
independently regulated.
[0089] Even so, a clearance is inevitably formed be-
tween the casing 1 and the rotor 9 by which the relative
rotation takes place so that a leakage of the operating
oil immediately flowing from the operating oil chamber
on the contracted side to the operating oil chamber on
the expanded side through the clearance occurs.
[0090] In this case, the leakage around the vanes 14a
and 14b and the separate blocks 16a and 16b can be
prevented by applying the seals 15a and 15b thereto.
However, the clearance between the ends of the bear-
ings 11a and 11b of the casing, which are the remaining
portions, and the proximal end portion of the rotor 9 can-
not be sealed by a seal member.
[0091] Therefore, there occurs a flow of operating oil
which immediately leaks from a clearance between the
ends of the bearings 11a and 11b and the proximal end
portion of the rotor 9, not passing through the damping
force regulating mechanisms 71 and 72 and the damp-
ing force generating mechanism 44 at the time of oper-
ation.
[0092] The lower the viscosity of the operating oil with
the rise in temperature is, the higher the leakage amount
of the operating oil from the aforementioned portions be-
comes to reduce the amount of operating oil flowing
through the interconnecting flowpassage 54, and the
damping characteristics generated in the damping ele-
ments 43a and 43b, which is the damping force gener-
ating mechanism 44, and the damping force regulating

mechanisms 71 and 72 is lowered and the temperature
characteristic of the rotary damper is lowered, accord-
ingly.
[0093] In this respect, in the embodiment according
to this invention so far mentioned, there occurs a flow
of operating oil which positively leaks from the operating
oil chamber on the contracted side to the operating oil
chamber on the expanded side through the variable
throttle mechanism 21 from the bypass flowpassage 31
disposed in the rotary damper simultaneously with the
leakage of the operating oil.
[0094] Moreover, with respect to the leakage amount
from the bypass flowpassage 31, the lower the viscosity
resulting from the rise in temperature of the operating
oil is, the more the oil within the closed oil chamber 32
expands to move the needle valve 28 of the variable
throttle mechanism 21 close to the sheet member 26
whereby a throttle degree of the variable throttle mech-
anism 21 formed by the sheet member 26 and the nee-
dle valve 28 is increased to automatically regulate the
leakage amount from the bypass flowpassage 31 so as
to be decreased.
[0095] Thereby, the variable throttle mechanism 21
offsets the change amount due to the temperature
change of the operating oil leaked from the clearance
between the ends of the bearings 11a and 11b and the
proximal end portion of the rotor 9 by the leakage
amount from the bypass flowpassage 31 automatically
regulated by the variable throttle mechanism 21 to keep
small the change amount of the leakage amount as a
whole of the operating oil with the change in temperature
and to thereby stabilize the temperature characteristic
of the rotary damper.
[0096] However, by doing so, the quantity of the op-
erating oil which immediately flows from the operating
oil chamber on the contracted side toward the operating
oil chamber on the expanded side naturally increases
by the quantity of leakage from the bypass flowpassage
31. However, in anticipation of this, the damping resist-
ance caused by the damping valves 55 and 56 of the
damping elements 43a and 43b in the interconnecting
flowpassage 54 and the damping force regulating mech-
anisms 71 and 72 can be set in advance to thereby
maintain the damping characteristic of the rotary damp-
er to a desired state.
[0097] While in this embodiment, in the variable throt-
tle mechanism 21, oil is sealed into the closed oil cham-
ber 32 as a regulating source, there is an alternative in
which a regulating member having a linear expansion
coefficient larger than that of the housing 2 is interposed
between the blind plug 24 and the needle valve 28 to
thereby obtain similar operation.
[0098] The reason is that, by doing so, the lower the
viscosity resulting from the rise in temperature of the op-
erating oil is, the more the regulating member expands
to move the needle valve 28 close to the sheet member
26 and to increase a throttle degree of the variable throt-
tle mechanism 21 to automatically regulate the leakage
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amount from the bypass flowpassage 31, whereby
maintaining small the change amount of the leakage
amount as a whole of the operating oil with the change
in temperature to stabilize the temperature characteris-
tic of the rotary damper.
[0099] The variable throttle mechanism 21 is not nec-
essarily provided on the portion of the separate block
16a of the housing 2 but needless to say it may be dis-
posed selectively or combined and disposed in parallel
with respect to the separate block 16b on the opposite
side or the casing 1 or the portions of the vanes 14a and
14b of the rotor 9.
[0100] As described above, it is possible to offset the
change amount of the leakage amount which leaks from
the clearance between the bearing on the casing side
and the rotor due to the temperature change of the op-
erating oil by the leakage amount from the bypass flow-
passage automatically regulated by the variable throttle
mechanism to maintain small the change amount of the
leakage amount as a whole of the operating oil with the
change in temperature and to thereby enhance the tem-
perature characteristic of the rotary damper.
[0101] Further, the regulating member having a linear
expansion coefficient larger than that of sealed oil or the
member having the variable throttle mechanism dis-
posed can be used as the regulating source for the var-
iable throttle mechanism to thereby stabilize the temper-
ature characteristic of the rotary damper with a simple
constitution.
[0102] Furthermore, the variable throttle mechanism
is disposed on the casing or selectively or combined and
disposed in parallel on the separate block provided on
the casing or the vane on the rotor side, whereby the
variable throttle mechanism can be easily incorporated
into various large and small rotary dampers to enhance
the temperature characteristic.

Claims

1. A rotary damper comprising:

a casing (1) and a rotor (9) which define first
and second operating oil chambers (17a,17b,
18a,18b) arranged to alternately repeatedly
contract and expand with rotational displace-
ment of the casing relative to the rotor, the op-
erating oil chambers communicating with each
other through an interconnecting flowpassage
(54);
a damping force generating mechanism (44)
disposed in the interconnecting flowpassage
(54) to impart a damping resistance to each
flow direction; an independent bypass flowpas-
sage (31) which interconnects both of the op-
erating oil chambers (17a,17b,18a,18b) and is
provided in parallel with the interconnecting
flowpassage (54); and

a variable throttle mechanism (21) which is dis-
posed in the bypass flowpassage (31) and is
arranged to automatically and continuously
regulate its throttling between high and low lev-
els dependent on temperature;

characterized in that:

the variable throttle mechanism (21) comprises
a valve (28) and a closed oil chamber (32) or a
regulating member which is arranged to use its
expansion and contraction to continuously and
automatically regulate the throttling of the valve
(28) between the high and low levels in re-
sponse to the change in temperature of the
sealed oil of the closed oil chamber (32) or the
regulating member;

wherein the regulating member has a linear
expansion coefficient larger than that of the adja-
cent part of the casing (1) or rotor (9).

2. The rotary damper according to Claim 1, wherein:

the rotor (9) comprises a central core and a ra-
dially outwardly projecting vane (14a,14b)
which separates the operating oil chambers
(17a,17b,18a,18b); and
the bypass flowpassage (31) having the varia-
ble throttle mechanism (21) is provided in the
vane (14a,14b).

3. The rotary damper according to Claim 1, wherein:

the rotor (9) comprises a central core and first
and second radially outwardly projecting vanes
(14a,14b);
each operating oil chamber comprises inter-
connected subchambers (17a,17b,18a,18b);
each vane (14a,14b) separates a respective
subchamber (17a,17b) of one of the operating
oil chambers from a respective subchamber
(18a,18b) of the other operating oil chamber;
the casing (1) includes first and second blocks
(16a,16b) which project radially inwards to-
wards the core of the rotor (9);
each block (16a,16b) separates a respective
subchamber (17a,17b) of one of the operating
oil chambers from a respective subchamber
(18a,18b) of the other operating oil chamber;
and
the bypass flowpassage (31) having the varia-
ble throttle mechanism (21) is provided in one
of the blocks (16a,16b).

4. The rotary damper according to Claim 1, wherein
the bypass flowpassage (31) having the variable
throttle mechanism (21) is provided in the casing
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(1).

Patentansprüche

1. Rotationsdämpfer mit:

einem Gehäuse (1) und einem Rotor (9), wel-
che erste und zweite Steuerölkammem (17a,
17b, 18a, 18b) bilden, die angeordnet sind, um
sich abwechselnd wiederholt mit der Drehver-
schiebung des Gehäuses relativ zu dem Rotor
zusammenzuziehen und zu expandieren, wo-
bei die Steuerölkammern über einen Verbin-
dungsfließdurchgang (54) miteinander kom-
munizieren;

einem Dämpfungskrafterzeuger (44), der in
dem Verbindungsfließdurchgang (54) angeord-
net ist, um jeder Fließrichtung einen Dämp-
fungswiderstand zu erteilen;

einem unabhängigen Umgehungsfließdurch-
gang (31), welcher beide Steuerölkammern
(17a, 17b, 18a, 18b) verbindet und parallel zu
dem Verbindungsfließdurchgang (54) vorgese-
hen ist; und

einem variablen Drosselmechanismus (21),
der in dem Umgehungsfließdurchgang (31) an-
geordnet und vorgesehen ist, um automatisch
und kontinuierlich seine Drosselung je nach der
Temperatur zwischen hohen und niedrigen Ni-
veaus zu regulieren;

dadurch gekennzeichnet, daß:

der variable Drosselmechanismus (21) ein
Ventil (28) und eine geschlossene Ölkammer
(32) oder ein Regelglied aufweist, welches an-
geordnet ist, um seine Expansion und Kontrak-
tion zu verwenden, um kontinuierlich und auto-
matisch das Drosseln des Ventils (28) in Ab-
hängigkeit von der Temperaturveränderung
des Dichtöls der geschlossenen Ölkammer
(32) oder des Regelgliedes zwischen den ho-
hen und niedrigen Niveaus zu regeln;

wobei das Regelglied einen größeren linearen Ex-
pansionskoeffizienten hat als den des benachbar-
ten Teils des Gehäuses (1) oder Rotors (9).

2. Rotationsdämpfer nach Anspruch 1, wobei:

der Rotor (9) einen Mittelkern und eine radial
auswärts hervorragende Schaufel (14a, 14b)
aufweist, welche die Steuerölkammern (17a,
17b, 18a, 18b) trennt; und

der Umgehungsfließdurchgang (31) mit dem
variablen Drosselmechanismus (21) in der
Schaufel (14a, 14b) vorgesehen ist.

3. Rotationsdämpfer nach Anspruch 1, wobei:

der Rotor (9) eine Mittelbohrung sowie erste
und zweite radial auswärts herausragende
Schaufeln (14a, 14b) aufweist;

jede Steuerölkammer zwischengeschaltete
Nebenkammem (17a, 17b, 18a, 18b) aufweist;

jede Schaufel (14a, 14b) eine entsprechende
Nebenkammer (17a, 17b) einer der Steueröl-
kammem von einer entsprechenden Neben-
kammer (18a, 18b) der anderen Steuerölkam-
mer trennt;

das Gehäuse (1) erste und zweite Blöcke (16a,
16b) aufweist, die radial einwärts zu dem Kern
des Rotors (9) hin vorstehen;

jeder Block (16a, 16b) eine entsprechende Ne-
benkammer (17a, 17b) einer der Steuerölkam-
mem von einer entsprechenden Nebenkam-
mer (18a, 18b) der anderen Steuerölkammer
trennt; und

der Umgehungsfließdurchgang (31), mit dem
variablen Drosselmechanismus (21) in einem
der Blöcke (16a, 16b) vorgesehen ist

4. Rotationsdämpfer nach Anspruch 1, wobei der Um-
gehungsfließdurchgang (31) mit dem variablen
Drosselmechanismus (21) in dem Gehäuse (1) vor-
gesehen ist.

Revendications

1. Amortisseur rotatif comprenant :

un carter (1) et un rotor (9) définissant une pre-
mière et une seconde chambres à huile de tra-
vail (17a, 17b, 18a, 18b) disposées de manière
à se contracter et à se dilater alternativement
et répétitivement en raison du mouvement de
rotation du carter par rapport au rotor, les
chambres à huile de travail communiquant en-
tre elles par un orifice d'interconnexion ;
un mécanisme (44) de génération de force
d'amortissement disposé dans l'orifice d'inter-
connexion (54) afin d'opposer une résistance
d'amortissement à chaque direction
d'écoulement ;
un orifice de dérivation (31) indépendant qui in-
terconnecte les deux chambres à huile de tra-
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vail (17a, 17b, 18a, 18b) et qui est disposé en
parallèle à l'orifice d'interconnexion (54) ; et
un mécanisme à étranglement variable (21) qui
est disposé dans l'orifice de dérivation (31) et
est conçu pour réguler automatiquement et
continûment son étranglement entre des ni-
veaux élevé et bas, en fonction de la
température ;

caractérisé en ce que :

le mécanisme à étranglement variable (21)
comprend une vanne (28) et une chambre à
huile fermée (32) ou un élément de régulation
qui est disposé pour exploiter son expansion et
sa rétraction afin de réguler continûment et
automatiquement l'étranglement de la vanne
(28) entre les niveaux élevé et bas, en réponse
aux changements de température de l'huile iso-
lée de la chambre à huile fermée (32) ou de
l'élément de régulation ;

dans lequel l'élément de régulation possède
un coefficient d'expansion linéaire supérieur à celui
des parties adjacentes du carter (1) ou du rotor (9).

2. Amortisseur rotatif selon la revendication 1, dans
lequel : '

le rotor (9) comprend un noyau central et une
aile (14a, 14b) de projection radiale vers l'exté-
rieur séparant les chambres à huile de travail
(17a, 17b, 18a, 18b) ; et
l'orifice de dérivation (31) possédant le méca-
nisme à étranglement variable (21) est disposé
dans l'aile (14a, 14b) .

3. Amortisseur rotatif selon la revendication 1, dans
lequel :

le rotor (9) comprend un noyau central et une
première et une seconde ailes (14a, 14b) de
proj ection radiale vers l'extérieur ;
chacune des chambres à huile de travail com-
prend des sous-chambres interconnectées
(17a, 17b, 18a, 18b) ;
chacune des ailes (14a, 14b) sépare une sous-
chambre (17a, 17b) de l'une des chambres à
huile de travail d'une sous-chambre (18a, 18b)
de l'autre chambre à huile de travail,
respectivement ;
le carter (1) comprend un premier et un second
sabots (16a, 16b) qui se projettent radialement
vers l'intérieur, dans la direction du noyau du
rotor (9) ;
chacun des sabots (16a, 16b) sépare une sous-
chambre (17a, 17b) d'une des chambres à hui-
le de travail d'une sous-chambre (18a, 18b) de

l'autre chambre à huile de travail,
respectivement ;
l'orifice de dérivation (31) possédant le méca-
nisme à étranglement variable (21) est ménagé
dans l'un des sabots (16a, 16b).

4. Amortisseur rotatif selon la revendication 1, dans
lequel l'orifice de dérivation (31) possédant le mé-
canisme à étranglement variable (21) est ménagé
dans le carter (1).
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